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Abstract
Introduction Bone mineral density (BMD) declines in the initial years after bariatric surgery, but long-term skeletal effects are
unclear and comparisons between sleeve gastrectomy (SG) and Roux-en-Y gastric bypass (RYGB) are rare.
Design and Methods An observational longitudinal study of obese patients undergoing SG or RYGB was performed. Whole-
body (WB) BMD, along with BMD of the total hip (TH), femoral neck (FN), and lumbar spine (LS), was measured by dual-
energy X-ray absorptiometry (DXA) before surgery and yearly thereafter for 4 years. Calciotropic hormones were alsomeasured.
Results Forty-seven patients undergoing RYGB surgery and 28 patients undergoing SG were included. Four years after RYGB,
BMD declined by 2.8 ± 5.8% in LS, 8.6 ± 5% in FN, 10.9 ± 6.3% in TH, and 4.2 ± 6.2% in WB, relative to baseline. For SG,
BMD declined by 8.1 ± 5.5% in FN, 7.7 ± 6% in TH, 2.0 ± 7.2% in LS, and 2.5 ± 6.4% in WB after 4 years, relative to baseline.
Vitamin D levels increased with supplementation in both groups. Whereas parathyroid hormone levels increased slightly in the
RYGB group, they decreased modestly in the SG group (P < 0.05 in both groups).
Conclusions Bone loss after 4 years was comparable between the two procedures, although RYGBwas associated with a slightly
greater decrease at the TH than SG. Bone health should therefore be monitored after both RYGB and SG.
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Introduction

Bariatric surgery is the most effective treatment to achieve
major, long-term weight loss [1–4]. Reflective of the obesity
epidemic, the number of bariatric surgeries performed world-
wide is also increasing. In 2014, the most commonly per-
formed procedure was sleeve gastrectomy (SG), performed
in 45.9% of total surgical procedures, followed by Roux-en-
Y gastric bypass (RYGB) (39.6%), and adjustable gastric
banding (AGB) (7.4%) [5]. Bariatric surgery is associated
with beneficial metabolic effects, including the reduction of
several obesity-related comorbidities and an overall decrease
in mortality [6–8]. However, bariatric interventions are known
to represent a challenge for bone physiology even though
many aspects of this surgical complication remain unclear.
The interaction of obesity with bone metabolism is complex,
with many aspects of this interaction still poorly understood. It
was initially thought that obesity had protective effects on
skeletal health [9]; however, this notion has recently been
challenged, with studies showing that obesity is associated
with lower risk for certain fractures (wrist, hip, rib, pelvis)
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but higher risk for others (ankle, lower leg), along with a lack
of protective effects after menopause [10]. Several longitudi-
nal studies have shown that bone loss starts during the first
year after RYGB and may continue for at least 24months after
RYGB. The overall decrease was consistently greatest during
the first year [11–19], with the strongest effects observed in
postmenopausal women [20]. Despite the strong associations
between bariatric surgery and bone mineral density (BMD)
loss, only one prospective study has assessed changes in
BMD over a period of > 3 years after RYGB [21].
Furthermore, only a handful of studies have described the
changes in BMD after other bariatric techniques such as
AGB and SG [22–26].

The postoperative adjusted fracture risk has been shown to
be higher in bariatric surgery patients relative to both obese
(relative risk (RR) 1.38, 95% confidence interval (CI) 1.23 to
1.55) and non-obese control groups (RR 1.44, 95% CI 1.29 to
1.59) in several studies. Although these studies did show a
decreased risk of distal lower limb fracture overall, the risk
of upper limb, clinical spine, pelvic, hip, or femur fractures
increased [27, 28].

Here, we compared the changes in BMD within the first
4 years after RYGB and SG in morbidly obese subjects.

Patients and Methods

Data Source

We performed an observational longitudinal study of morbid-
ly obese patients undergoing SG or RYGB between
November 2007 and October 2014 at University Hospital.
The institutional review board approved the study protocol,
and all subjects provided written informed consent.

Patients

The criteria used to assess eligibility for bariatric surgery were
in accordance with the French guidelines for bariatric surgery
[29]. To be included in the study, patients had to be followed at
least 4 years after the procedure and to have a yearly measure-
ment of BMD. Preoperative assessments included abdominal
ultrasound, bone densitometry, functional respiratory tests,
upper gastrointestinal endoscopy, and blood analysis includ-
ing nutritional parameters. The surgical procedure was deter-
mined by a multidisciplinary staff, taking into consideration
the patient’s overall state of health.

Follow-up visits with both the surgeon and endocrinolo-
gists were performed 1, 3, 6, 12, 18, and 24 months after
surgery, with yearly visits thereafter. Blood analyses were per-
formed at each visit, and vitamin supplementation was
adapted according to blood tests. After bariatric surgery, pa-
tients were maintained on polyvitamins all life. In addition,

specific supplementation for vitamin D was given according
to the blood concentration of vitamin D. If blood concentra-
tion of vitamin D was between 20 and 30 ng/ml (50–75 nmol/
l), patients were maintained on colecalciferol 100,000 UI ev-
ery 15 days for 1 months and a half and then every 3 months.
If it was between 10 and 20 ng/ml (25–50 nmol/l), 100,000 UI
of colecalciferol was administered every 15 days for 2 moths
and then every 3 months. Observance was not specifically
monitored.

Anthropometric data (body weight, BMI [kg/m2], weight
loss, percentage of weight loss, percentage of excess weight
loss, and physical activity score), and blood test variables,
including calcium, phosphorus, albumin, creatinine, glomeru-
lar filtration rate (GFR), 25-hydroxyvitamin D (25OHD), in-
tact parathyroid hormone (PTH), alkaline phosphatase (ALP),
C-reactive protein (CRP), fasting insulin, fasting glucose, and
homeostasis model assessment of insulin (HOMA-IR), were
collected at baseline and at each follow-up. Areal BMD was
measured at baseline and every year thereafter.

Surgical Technique

All procedures were performed in the same center. RYGB
intervention consisted of a non-banded pouch and a
transmesocolic and retrogastric gastrojejunostomy. A 120-
cm alimentary limb and a 40-cm biliopancreatic limb were
built.

SG intervention consisted of a resection of the greater cur-
vature including the complete fundus, which was resected
from the distal antrum (6 cm proximal to the pylorus) to the
angle of His over a 32-French bougie.

During hospitalization and after hospital discharge, patients
were asked to follow a dietary protocol and were given the
same dietary advice.

Physical Activity Score

A 20-point non-validated local score assessing sedentary be-
havior (5 points), physical activity (5 points), and physical
condition (10 points) was used. Patients also performed a val-
idated walk (6-min walk test) as well as validated strength,
balance, and flexibility tests as an objective assessment of
their physical condition. Assessment of physical activity and
sedentary behavior was subjective. Patients were asked about
their travel patterns and the frequency of their physical activity
lasting at least 30 min.

Bone Mineral Densitometry

Areal BMD (g/cm2) was measured by dual-energy X-ray ab-
sorptiometry (DXA) using a Lunar Expert XL (GE
Healthcare, USA). Lumbar spine (LS) (L2–L4), femoral neck
(FN), total hip (TH), and whole-body (WB) BMD were
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measured independently. Z-score is defined as the number of
standard deviations above or below the mean for the pa-
tient’s age, sex, weight, and ethnicity [30]. We did not select
the T-score to have consistent data for all patients due to the
inclusion of both young women and men in the cohort.

Biochemical Analyses

25OHD was measured by Automate Liaison (DiaSorin).
PTH and insulin were measured by chemiluminescence
using a Unicel DXi 800 (Beckman Coulter). GFR was esti-
mated using the CKD-EPI creatinine equation (2009).

Statistical Analysis

Quantitative variables were presented as either the mean
with standard deviation, or as the median with interquar-
tile range. Qualitative variables were presented as per-
centages. A Shapiro-Wilk test was used to test the as-
sumption of a normal distribution for each quantitative
variable. Due to the low sample size, non-parametric tests
were performed to compare quantitative variables. A
Mann-Whitney U test was used to compare independent
samples (comparisons between RYGB vs. SG), and a
paired Wilcoxon rank test was used for matched data
(comparisons between time points within the same
group). Qualitative variables were compared using
Fisher’s exact test. Correlation analyses were performed
using non-parametric Spearman’s correlation coefficient.
All statistical analyses were performed using STATA SE
13.1 software, with P values < 0.05 considered statistical-
ly significant.

Results

Baseline

Forty-seven patients undergoing RYGB surgery and 28 pa-
tients undergoing SG were included in this study. Eleven pa-
tients were excluded because they had no BMD measurement
before bariatric surgery and 17 were excluded because they
had no yearly BMD measurement during the 4 years after
bariatric surgery. In addition, 3 other patients were excluded
from the study because of a pancreatic cancer for one patient, a
terminal kidney insufficiency that needed dialysis for a second
one and because sleeve gastrectomy was converted to gastric
bypass during follow-up for the third one. Their clinical char-
acteristics are shown in Table 1. Age, sex/menopause status,
smoking status, body weight, BMI, comorbidity, physical sta-
tus score, and physical activity levels were not significantly
different between groups. At baseline, LS and TH BMD were
significantly higher in the RYGB group than in the SG group.

WB BMD tended to be higher in the RYGB group than in the
SG group. There was no difference in FN BMD between the
two groups.

The biological characteristics of the two groups are shown
in Table 2. At baseline, no significant differences were ob-
served in albumin, calcium, calcium corrected for albumin,
creatinine, GFR, PTH, 25OHD, ALP, CRP, glycemia, plasma
insulin concentrations, or HOMA-IR scores between groups.
The average vitamin D concentration was below the optimal
threshold, but only 5% of patients had PTH levels above the
laboratory standard.

Weight Loss

Weight loss evolution in each group is shown in Fig. 1. Four
years after bariatric surgery, the average weight decrease was
27.4 ± 10.5% in the RYGB group versus 19.5 ± 13.6% in the
SG group (P < 0.01).

Table 1 Clinical baseline characteristics

RYGB SG P value

N 47 48

Age, years 44.4 ± 10.6 47.3 1–11.5 0.22

Sex/menopause status 0.23

Men 15 (32%) 6 (21%)

Non-menopausal women 22 (47%) 11 (39%)

Postmenopausal women 10 (21%) 11 (39%)

Smoking, n/% 11(23%) 8 (29%) 0.41

Physical activity score, x/20 10.3 ± 4.7 11.7 1 ± 4.6 0.27

Pre-op BMI, kg/m2 46.1 ± 7.4 45.4 ± 10.1 0.3

Pre-op weight, kg 128.9 ± 24.7 124.3 1 ± 26.2 0.22

ASA Score 0.42

1 11 (23%) 5 (18%)

2 30 (64%) 16 (57%)

3 6 (13%) 7 (25%)

Comorbidity, n/%

Hypertension 24 (51%) 12 (43%) 0.33

Diabetes 10 (21%) 7 (25%) 0.46

Arthralgia 35 (74%) 23 (82%) 0.32

Sleep apnea 20 (43%) 14 (50%) 0.35

Gastroesophageal reflux 17 (36%) 8 (29%) 0.34

aBMD lumbar spine, g/cm2 1.317 ± 0.152 1.211 1 ± 0.181 < 0.01

aBMD femoral neck, g/cm2 1.108 ± 0.139 1.063 1 ± 0.138 0.21

aBMD total hip, g/cm2 1.192 ± 0.139 1.113 ± 0.135 0.01

aBMD whole-body, g/cm2 1.298 ± 0.126 1.245 ± 0.116 0.06

Data are presented as the mean = SD or number 00. RYGB Roux-en-Y
gastric bypass, SG sleeve gastrectomy, aBAfD areal bone mineral density,
ASA American Society of Anesthesiologists

3319OBES SURG (2020) 30:3317–3325



Changes in Bone Mineral Density

LS BMD scores were available at baseline and at 1-year
follow-up for all patients (75), at 2-year follow-up for 70
patients (93%), at 3-year follow-up for 66 patients (88%),
and for 69 patients (92%) at the last follow-up, 4 years after
surgery. TH and FN BMD scores were available at baseline
and at 1-year follow-up for 74 patients (99%), at 2-year
follow-up for 69 patients (92%), at 3-year follow-up for
65 (87%) patients, and for 68 patients (91%) at 4-year
follow-up. WB BMD scores were available at baseline
and 1-year follow-up for 68 patients (91%), at 2-year and
3-year follow-up for 62 patients (83%), and for 63 patients
(84%) at the end of the 4 years of follow-up.

At year 4 in the RYGB group, the rates of bone loss were
2.8 ± 5.8% in LS, 8.6 ± 5% in FN, 10.9 ± 6.3% in TH, and 4.2

± 6.2% in WB, respectively (Fig. 2). At year 4 in the SG
group, the rates of bone loss were 2.0 ± 7.2% in LS, 8.1 ±
5.5% in FN, 7.7 ± 6.4% in TH, and 2.5 ± 6.4% in WB.

At the WB, the 2-year percentage of bone loss was greater
in the RYGB than in the SG group (P < 0.05). A higher rate of
bone loss was also found in the RYGB group compared to the
SG group for the TH at year 3 and 4 (P < 0.05). The other
percentages of bone loss were comparable (Fig. 2).

In the RYGB group, mean BMD values were significantly
lower at year 4 than at baseline and year 1 for all bone sites
(P < 0.05) (Supplementary Table 1). In the SG group, both FN
and TH BMD values were significantly lower at year 4 than at
baseline (P < 0.05). LS BMD at year 4 was significantly lower
than at year 1 (P < 0.05), but comparable to baseline values.
WB BMD values did not vary significantly throughout the
follow-up (Supplementary Table 2).

Table 2 Biological baseline
characteristics (pre-op) RYGB group SG group P value

Albumin, g/l, 41.4 ± 3 41.5 ± 2.6 0.99

Calcium, mmol/L 2.36 ± 0.1 2.35 ± 0.07 0.84

Calcium corrected for albumin, mmol/L 2.32 ± 0.13 2.321 ± 0.07 0.83

Creatinine, μmol/L 62.7 ± 11.8 60.9 ± 13.8 0.45

GFR, CKD-EPI, mL/min/1.732 105.5 ± 13.6 104.91 ± 11.7 0.63

PTH, pg/mL, (12–88) 47.7 ± 19.2 53.3 ± 19 0.26

25-OH vitamin D, ng/mL (30–90) 18.5 ± 9 16.7 ± 7.1 0.6

ALP, UI/L 69.4 ± 17.6 76 ± 25.3 0.47

CRP, mg/L 9.6 ± 9 8.7 ± 8.5 0.76

Glycemia, mmol/L 5.7 ± 1.4 5.5 ± 1.2 0.84

Insulin, μUI/mL 17.9 ± 11.2 18.1 ± 12.5 0.88

HOMA-IR (< 2) 4.6 ± 3.7 4.5 4 ± 3.5 0.88

Data are presented as the mean ± SD. Normal range in parentheses. RYGB Rota-en-Y gastric bypass, SG sleeve
gastrectomy, ALP alkaline phosphatase, Pill parathyroid hormone, GFR glomerular filtration rate, HOMA-R
homeostasis model assessment of insulin resistance. A value less than 2 corresponds to the absence of insulin,
resistance value < 2 corresponds to no insulin resistance [31]
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Fig. 1 Weight loss after surgery.
Data are presented as the mean ±
SD. RYGB, Roux-en-Y gastric
bypass; SG, sleeve gastrectomy.
*P < 0.05 between RYGB and SG
groups
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Z-scores fell consistently within the high normal range
throughout the 4 years of the study (Table 3). At baseline,
none of the patients had Z-scores < − 2 at any site. Four years
after bariatric surgery, only a single 41-year-old woman who
underwent RYGB had a Z-score < − 2 at the LS.

At baseline, Z-scores in LS and TH were significantly low-
er in the SG group, relative to the RYGB group, but not in
either FN or WB. Four years after SG, there were no signifi-
cant differences between Z-scores. FN and TH Z-scores
4 years after SG or RYGB were significantly lower than those
seen at baseline. Average LS and WB Z-scores remained un-
changed 4 years after SG or RYGB.

Changes in Biological Parameters

Changes in biological parameters over time are shown in
Tables 4 and 5. Four years after bariatric surgery, albumin,

calcium, calcium corrected for albumin, creatinine, GFR,
ALP, vitamin D, glycaemia, insulin, and HOMA-IR values
were not significantly different between the RYGB and SG
groups. Mean CRP was lower in the RYGB group than in the
SG group (2.4 ± 3.1 mg/L vs. 4.6 ± 4.2 mg/L, respectively;
P < 0.05). Mean PTH levels were higher in the RYGB group
relative to the SG group (55.5 ± 17.4 ng/mL vs. 46.6 ±
11.4 ng/mL, respectively; P < 0.05).

Predictors of Skeletal Changes

No correlations were found between any of the biological param-
eters, including PTH and CRP, and bone loss at year 4 for either
bariatric surgery, when considered together. There was a positive
correlation between the percentage of weight loss and the per-
centage of BMD loss in FN, TH, and WB at year 4 (r = 0.394,

Fig. 2 Data are presented as the mean ± SD. RYGB, Roux-en-Y gastric bypass; SG, sleeve gastrectomy; aBMD, areal bone mineral density. *P < 0.05
between RYGB and SG groups

Table 3 Z-scores at baseline and
year 4 RYGB baseline SG baseline RYGB year 4 SG year 4

Z-score lumbar spine 1.4 ± 1.4 0.6 ± 1.8b 1.5 ± 1.5 1.1 ± 2.1

Z-score femoral neck 1.4 ± 1.1 1.1 ± 1.1 0.9 ± 1.1a 0.9 ± 1.2a

Z-score total hip 1.8 ± 1.1 1.3 ± 1.3b 1.0 ± 1.1a 1.0 ± 1.2a

Z-score whole body 2.1 ± 1.5 1.9 ± 1.2 1.8 ± 1.4 2.1 ± 1.2

Data are presented as the mean ± SD. RYGB Roux-en-Y gastric bypass, SG sleeve gastrectomy
aP < 0.05 comparison from baseline in the same group
bP < 0.05 between RYGB and SG groups at the same time
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P < 0.001; r = 0.472, P < 0.001; and r = 0.289, P = 0.021, re-
spectively) but not in LS (r = 0.153, P = 0.21).

Discussion

When rates of bone loss were compared between the two
procedures, only bone loss in TH was significantly higher in
the RYGB group compared with the SG group. Bone loss
continues at a slower rate after the first year following bariatric
surgery, and it might be interesting to have a control group to
compare with normal physiological loss.

Overall, bone loss in our population was similar than that
reported in reviews of long-term retrospective studies [32, 33];
however, few studies assessed changes in BMD over more
than 2 years following bariatric surgery. In a 5-year prospec-
tive study of 21 patients after RYGB, vertebral BMD de-
creased by 7.8% after 5 years, whereas the average BMD of
FN and TH declined by 15.3% and 14.1%, respectively. Bone
loss was greatest within the first 2 years after surgery, with
slower, but continued, bone loss seen thereafter [21]. A second
long-term prospective study reported that the initial decrease
in BMD within the first postoperative period was 10% in FN

and 3% in the spine. Thereafter, the rate of bone loss decreased
to rates of 2.7% and 3.1%, respectively, between the first and
the third year after RYGB [15].

To determine whether the observed reductions in BMD
were clinically significant with regard to the subsequent
risk of fracture, Z-scores were calculated in each patient.
Even though the mean Z-scores were lower in FN and TH
at year 4 compared to baseline, they remained above the
range of age-adjusted normal values. A decline in LS and
WB Z-scores was not observed, although this discrepancy
may be explained by the fact that Z-scores are adjusted to
body weight with the GE-Lunar devices which is not the
case for the Hologic devices [30, 34].

The negative skeletal effects of bariatric surgery are presum-
ably multifactorial and are not yet fully understood [19, 33, 35,
36]. A positive correlation was found between the percentages of
weight loss and the associated bone loss in FN, TH, and WB,
with no association seen in LS. We do not have the statistical
power to do more accurate analysis. These results are consistent
with previous reports, in which a strong association between
weight loss and bone loss after bariatric surgery were observed
inmost, but not all, studies, especially at bone sites other than TH
and FN [32, 37]. The effects of skeletal muscle on static and

Table 4 Calciotropic biological parameter changes 1 and 4 years after surgery

RYGB baseline SG baseline RYGB 1 year SG 1 year RYGB 4 years SG 4 years

Albumin, g/L 41.4 ± 3 41.5 ± 2.6 40.8 ± 3.0 39.2 ± 3.4b 40 ± 4.3b 39.9 ± 3.9a

Calcium, mmol/L 2.36 ± 0.1 2.35 ± 0.07 2.36 ± 0.12 2.32 ± 0.08 2.32 ± 0.11 231 ± 0.10a

Calcium corrected for albumin, mmol/L 2.32 ± 0.13 2.32 ± 0.07 2.34 = 0.10 2.34 ± 0.07 2.32 ± 0.08 2.31 ± 0.09

PTH, pg/mL, (12–88) 47.7 ± 19.2 53.3 ± 19 44.8 = 16.9 40.1 ± 13.6 55.5 ± 17.4a 46.6 ± 11.4a,b

25-OH Vitamin D, ng/mL (30–90) 18.5 ± 9 16.7 ± 7.1 26.3 ± 6.9 23.8 ± 6.0 23.9 ± 8.1a 24.8 ± 7.0a

ALP, UI/L 69.4 ± 17.6 76 ± 25.3 73.0 ± 19.7 70.0 ± 23.9 71.2 ± 16.7 72.9 ± 23.8

Data are presented as the mean ± SD. RYGB Rosa-en-Y gastric bypass, SG sleeve gastrectomy, ALP alkaline phosphatase, Pill parathyroid hormone
aP < 0.05 for comparison between baselines in the same group
bP < 0.05 between RYGB and SG groups at the same time

Table 5 Metabolic biological characteristic evolution

RYGB baseline SG baseline RYGB 1 year SG 1 year RYGB 4 years SG 4 years

Creatinine, μmol/L 62.7 ± 11.8 60.9 ± 13.8 58.7 ± 12.2 57.6 ± 12.6 59.4 ± 11.4a 60.1 = 10.4

GFR CKD-EPI, mL/min/1.73m2 105.5 ± 13.6 104.9 ± 11.7 109 ± 14 108 ± 12 107 ± 13 103 ± 9

CRP, mg/L 9.6 ± 9 8.7 ± 8.5 2.9 ± 5.4 3.7 ± 4.8 2.4 ± 3.1a 4.6 ± 4.2ab

Glycemia, mmol/L 5.7 ± 1.4 5.5 ± 12 4.8 ± 1.1 4.8 ± 0.7 4.9 ± 0.7a 4.9 ± 0.7a

Insulin, μUI/mL 17.9 ± 11.2 18.1 ± 12.5 5.7 ± 3.6 6.7 ± 5.7 6.2 ± 2.4a 10.0 ± 13.4

HOMA-IR (< 2) 4.6 = 3.7 4.5 ± 3.5 1.5 = 1.4 1.5 = 1.5 1.3 ± 0.6a 2.2 ± 2.9a

Data are presented as the mean ± SD. RYGB Rota-en-Y gastric bypass, SG sleeve gastrectomy, GFR glomerular filtration rate, HOMA-IR homeostasis
model assessment of insulin resistance. Avalue less than 2 corresponds to the absence of insulin resistance value < 2 correspond no insulin resistance [31]
aP < 0.05 vs. baseline in the same group
bP < 0.05 between RYGB and SG groups at the same time
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dynamic loading have been shown to have direct beneficial ef-
fects on bone. A recent study showed that a supervised exercise
program halved bone loss in both LS and TH one year after
RYGB [38]. Vitamin D, calcium, and protein supplementation
with exercise have also been shown to have positive effects on
bone protection 2 years following bariatric surgery (RYGB or
SG) [39]. In contrast, no correlation was found between PTH,
calcium, phosphorus, and vitamin D levels throughout the fol-
low-up, with no association to bone loss 4 years after surgery,
although < 10% of RYGB patients and no SG patients had a
PTH level above the normal range 4 years after surgery. This
rate was higher in some other studies, but not all [37], with some
studies reporting striking declines in BMD even in the absence of
significant changes in circulating vitamin D or PTH levels [32].
A recent study evaluating the rate of secondary hyperparathy-
roidism (SHPT) (serum PTH above the normal limit) in obese
subjects after different bariatric surgeries reported SHPT rates of
21.0% before surgery, 35.4% 1 year after surgery, and 63.3%
after 5 years. Single anastomosis (mini-) gastric bypass
(SAGB) had the highest prevalence of SHPT (50.6%), followed
byRYGB (33.2%), LAGB (25.8%), and SG (17.8%) 1 year after
surgery. Five years after surgery, SAGB still had the highest
prevalence of SHPT (73.6%), followed by RYGB (56.6%),
LAGB (38.5%), and SG (41.7%) [40]. A careful monitoring of
vitamin D supplementation may explain the low rate of SHPT in
our study. No correlation was found between bone loss and CRP,
glycaemia, insulin, or HOMA-IR 4 years after bariatric surgery,
although the present study was not designed to highlight a po-
tential role of these parameters.

Mean baseline TH and LS BMD values differed signifi-
cantly between the two groups, with higher values in the
RGYB group. Also, baseline WB BMD tended to be higher
in the RYGB group than in the SG group. Although these may
be explained by cumulative non-significant clinical baseline
differences between groups; The mean age of the RYGB pa-
tients was 44.4 ± 10.6 years compared to 47.3 ± 11.5 years in
the SG group (P = 0.22), and the percentages of men and
postmenopausal women were 32% and 21%, respectively, in
the RYGB group compared to 21% and 39%, respectively, in
SG group (P = 0.23). The higher bone loss in the RYGB group
is concordant with changes in calciotropic hormone levels,
along with a higher percentage of weight loss in the RYGB
group compared to the SG group (27.4 ± 10.5% vs. 19.5 ±
13.6%; P < 0.01), and the regression towards the mean. On
the other hand, the modest differences in the clinical charac-
teristics of the 2 groups at baseline above mentioned (sex/
menopause status and age) may have contributed to the greater
bone loss seen in the SG group relative to the RYGB group
andmay explain why differences were not found in LS, FN, or
WB. A recent study comparing bone changes in 21 patients
1 year after RYGB and SG revealed a higher degree of bone
loss in TH and FN after RYGB compared to SG, with no
significant differences in LS between groups [22]. Among a

cohort of 43 non-menopausal women, a tendency towards
greater bone loss at the FN, LS, and WB was observed in
the RYGB group compared to the SG 1 year after surgery
[41]. Another study reported similar changes in LS and FN
BMD 1 year after RYGB or SG, although baseline data were
not available to assess these changes over time [23]. Finally, a
study involving only 15 patients who underwent bariatric sur-
gery did not show significant differences in either LS or TH
bone loss 1 year after RYGB or SG [24].

One of the strengths of this study is the long-term follow-up.
Furthermore, all BMD measurements were performed by the
same team with the same DXA device throughout the study,
which reduces possible measurement biases and allows for ex-
ternal validity. Moreover, the rigorous selection of patients be-
fore bariatric surgery and the careful collection of all biological
parameters are likely to strengthen the validity of the present
results. Nevertheless, patients were not randomized, and the
two groups are not fully comparable, which might have influ-
enced some of the comparisons in BMD during the follow-up
period. In addition, size measurements and fracture events are
missing. Of note, it must be emphasized that BMD is not the
only factor involved in risk of bone fractures. Indeed, we did
not investigate some important factors like family history of
osteoporosis, prior bone fractures, ethnicity, alcohol intake,
and medication use. Moreover, we do not have a control group
without surgery to compare bone loss.

In summary, we found that bone loss after both RYGB and
SG continued after the first year, with slower rates of bone loss
observed after the first 2 years. The amount of bone loss was
comparable between the two procedures after 4 years, with the
exception of the THwith a greater bone loss in the RYGB than
in the SG group. Further studies are needed to determine the
mechanisms of bone loss, as well as to investigate therapeutic
strategies to preserve skeletal health in patients receiving bar-
iatric surgery.
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